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Outline of this talk:

A) Silicon Drift Detectors

1. p.rinciple
2. realization

3. performance

B) Active Pixel Sensors on High Resistivity
Silicon
1. Counting versus Integration
2. Principles of Active Pixel Sensors
3. Read—out sequences for the sensor

4. Noise analysis of Sensors

C) Conclusions
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Figure 1: E,,/q or negative potential of electrons in a section perpendic-
ular to the surface of a drift detector along the drift field. Electrons can
be visualized as heavy balls moving without the inertia force, downward on

the displayed surface.




Optimal noise performance

ENC = cnty X Vcdgt X lieqk
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ieckage current: || = 0.248 pA
1/f coefficient: A~ = 5.525 107" ?

totc! conacitance: C, = 313.3 fF
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Properties of a 3mm large SDD:

. electronic noise: ENC = 5-25 electrons
. entrance dead layer thickness:50-100nm

. conversion efficiency for 300um silicon:

80% @ 100 eV; 50% @ 200 eV; 80%
@ 500 eV; 99% @ 1 keV 99.9% @ 5 keV;
91% @ 10 keV: 52% @ 15 keV;

. count rate: up to 10°Hz with up to 1%

dead time

. peak—to—valley ratio 3000:1

. practically any number of detector

possible (1,7,19 etc)

. power dissipation: 3mW per detec-

tor(channel)




Active Pixel Sensor

The electronic side of a test Active Pixel Sensor having sixteen pixels
arranged in 4 lines and 4 columns. Vertical lines connected to the
bonding pads at the bottom of the array are the read-out lines. Each line
is bonded to a charge sensitive preamplifier. The horizontal lines are
terminated with bonding pads on the left hand side as well as on the
right hand side of the array. These lines are bonded to the switch

controlling electronics.




Active Matrix Readout
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Counting versus. Integration.

Measured Integrated Charge:
N
Qtot = ), Qi

Summation limit N and Q; fluctuate. Com-
pound process

@totzj\—r'a

—\ 2

var [Qtot] — (Q)

average value of Q; = @ and its r.m.s

.var [N]+ N - var [Q)

og=¢q-VF EJw
Ng=N; war [Ng] =N (1+ Fw/E)
q is an elementary charge, E is the energy

of the incident X-ray in eV and w = 3.6eV




is the average energy needed to produce one
electron—hole pair in silicon, F is the Fano
factor, equal to a constant between 0.1 and

0.2 for a good silicon detector

(1 + Fw/E) = 1.00006

\/UCZT [NQ] _ \/N (1 + 6 - 10—5) |

Ng N
) \/1+6-10—5 - \/1+6-10‘5
N € - Nincident
where N = € - N cident, Where € is the

detection efficiency
Conclusion: Practically no loss of perfor-

mance by integration method
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Figure E-4 Timing diagram for column readout
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Noise Requirements:

About 3300 electron—hole pairs are pro-
duced by 1 12keV X-ray. ENC of about 1000
electrons seems to be adequate.

Multiple read—out during on frame.

Exposure time from 10ms to 1s. Read—out
of a single line in about lus. 1000 times 1000
active pixel sensor can be read in 1ms. Oper-
ation when we truncate the noise completely
for low count pixels. Two different possible

read—out sequences:

1. switching (kTC) noise does not accumu-
late

2. switching (kKTC) noise does accumulate




Contributions from individual type of

noise:

1. S'eries noise about 700 electrons

2. Parallel noise about 300 electrons
(Tieakage = 10nA/cm?)
3. Switching (kT'C) noise about 400 elec-
trons.
It seems we can reach the total noise close

to 1000 electrons.




CONCLUSIONS:

1. Silicon Drift Detectors are now commer-
cially available detectors with a superior
energy resolution and higher rate capa-
bilities than the traditional (classical)

~ silicon lithium drifted detectors.

2. Proposed Active Pixel Sensors on
High Resistivity Silicon seems to be
almost ideal detectors for the X-ray
crystallography at 12keV.
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